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Oxytocin has been shown to affect several aspects of human social cognition, including 
facial emotion processing. There is also evidence that social stimuli (such as eye-contact) 
can effectively modulate endogenous oxytocin levels. In the present study we directly 
tested whether intranasal oxytocin administration and pre-treatment with social stimuli 
had similar effects on face processing at the behavioral level. Subjects (N = 52 healthy 
adult males) were presented with a set of faces with expressions of different valence 
(negative, neutral, positive) following different types of pretreatment (oxytocin — OT or 
placebo — PL and social interaction — Soc or no social interaction — NSoc, N = 13 in each) 
and were asked to rate all faces for perceived emotion and trustworthiness. On the next 
day subjects' recognition memory was tested on a set of neutral faces and additionally 
they had to again rate each face for trustworthiness and emotion. Subjects in both the OT 
and the Soc pretreatment group (as compared to the PL and to the NSoc groups) gave 
higher emotion and trustworthiness scores for faces with negative emotional expression. 
Moreover, 24 h later, subjects in the OT and Soc groups (unlike in control groups) gave 
lower trustworthiness scores for previously negative faces, than for faces previously 
seen as emotionally neutral or positive. In sum these results provide the first direct 
evidence of the similar effects of intranasal oxytocin administration and social stimulation 
on the perception of negative facial emotions as well as on the delayed recall of negative 
emotional information. 
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INTRODUCTION 

Despite its complexity (Richerson and Boyd, 1998), recent stud- 
ies have provided substantial insights into the neurohormonal 
mechanisms underlying human sociality (Skuse and Gallagher, 
2009). Oxytocin, which is — in evolutionary terms — a remarkably 
conservative non-apeptide, plays a particularly prominent role in 
the modulation of social life across mammalian taxa (Yamasue 
et al., 2012). This neurohormone for example has been shown 
to regulate social contact (Bales and Carter, 2003), pair bonding 
(Insel and Shapiro, 1992), maintenance of monogamous relation- 
ships (Scheele et al., 2012) and parental care (Olazabal and Young, 
2006). More importantly, increasing body of evidence supports 
the notion that oxytocin is specifically involved in the regula- 
tion of human social cognition (Lee et al., 2009). It has been 
shown to reduce fear responses to social stimuli (Kirsch et al., 
2005) through the attenuation of amygdala activation (Domes 
et al., 2007a), that encourages social approach, affiliation and 
complex social phenomena, such as trust (Kosfeld et al., 2005; 
Baumgartner et al., 2008) or generosity (Zak et al., 2007; Barraza 
etal., 2011). 

One of the striking features of human sociality is that face 
perception plays a critical role in modulating social interactions. 



Faces are highly important stimuli for humans, as they convey 
vital information about the interactants' identity as well as their 
mental and emotional states (gender, age, familiarity, intention 
etc.). Although face perception is not a completely automatic pro- 
cess but also requires attentional resources (Jung et al., 2012), 
many argue that face recognition is mediated by a specialized 
system in the human brain (Haxby et al., 2002). This special- 
ization is also supported by the selective impairment of face 
recognition observed in patients suffering from prosopagnosia 
(Farah, 1996). Recent evolutionary accounts of the mechanisms 
behind human face recognition suggest that face perception is 
essential for distinguishing defectors from co-operators as well 
as for regulating our social relations (e.g., Kovacs-Balint et al., 
in press). Facial characteristics thus convey extremely impor- 
tant information for humans in everyday life, people can form 
an opinion of the trustworthiness and cooperativeness of oth- 
ers purely on the basis of facial photos (Verosky and Todorov, 
2010). 

Not surprisingly, face perception (or at least some aspects of it) 
is also mediated by the neurohormone oxytocin that for example 
increases gaze to the eye region of human faces (Guastella et al., 
2008a; Andari et al., 2010) and perceived facial trustworthiness 



www.frontiersin.org 



August 2013 | Volume 4 | Article 532 | 1 



Kis et al. 



Social stimuli parallel oxytocin effects 



and attractiveness (Theodoridou et al., 2009). Oxytocin has also 
been shown to enhance facial perception and recognition in 
humans (Savaskan et al., 2008; Rimmele et al, 2009) as well as 
to improve emotion recognition from faces (Domes et al, 2007a) 
especially in subjects suffering from difficulties in understanding 
and regulating emotions (alexithymia: Steiner, 2008). In line with 
these results Guastella and his colleagues also reported positive 
effects of intranasal oxytocin on adult male humans' social mem- 
ory (Guastella et al., 2008b). In their study human faces showing 
happy, angry or neutral expressions were presented to partici- 
pants who received either intranasal oxytocin or placebo. They 
found that on the following day participants who had been given 
oxytocin provided more "remember" responses when the faces 
were previously seen with a happy, rather than an angry or neutral 
expression. 

Another line of research addresses the role which social stim- 
uli may play in the production of oxytocin. Increasing evi- 
dence suggest that the release of oxytocin can be effectively 
induced by short-term sensory interactions including tactile 
(touch, stroking), visual (eye contact), auditory, and olfactory 
stimuli (Feldman et al., 2010; Gordon et al., 2010; Kenkel 
et al., 2012). Thus, it seems that social stimuli and the release 
of central oxytocin in response to these stimuli constitute a 
positive feedback loop (Uvnas-Moberg, 1998). Although the 
role that social stimulus-induced peripheral autonomic changes 
(e.g., heart and gut reactions) play in oxytocin release is 
not yet fully understood (Churchland and Winkielman, 2011), 
there is evidence that positive social interactions can cause 
changes in behavior through the release of endogenous oxy- 
tocin (e.g., in a monetary game, Morhenn et al., 2008). These 
feed-forward effects might furthermore be mediated by autore- 
ceptors on oxytocin neurons (Freund-Mercier and Stoeckel, 
1995). 

Importantly, however, it has never been directly tested 
whether these social stimuli have the same effect as intranasal 
oxytocin administration at the behavioral level. Therefore, 
the present study was developed with the aim of com- 
bining a behavioral task (face perception and recognition) 
with four different types of pretreatment; oxytocin/placebo 
administration and social interaction/no social interaction. 
We hypothesized that both oxytocin and pretreatment with 
social interaction would result in more positive emotion and 
trustworthiness ratings of facial expressions. We further hypoth- 
esized that both oxytocin and pretreatment with social inter- 
action would enhance the encoding and/or retrieval of social 
memory. 

METHOD 
SUBJECTS 

Fifty six healthy, Hungarian, young adults (range: 18-30 years, 
mean age ± SD: 23.02 ± 3.32) participated in the study on 
a voluntary basis, that were not selected to be from a spe- 
cific subrace of Caucasian type. In order to avoid confounding 
effects of hormone changes across the menstrual cycle (cf. Domes 
et al., 2007b; Guastella et al., 2008a) all participants were male. 
Upon arrival participants filled out a brief self-report question- 
naire to exclude psychiatric disorders, substance dependence and 



traumatic brain injury (exclusion criteria were based on Guastella 
et al., 2008b). Before the experiment participants also filled out 
the Positive and Negative Affect Scale — PANAS (Watson et al, 
1988) to assess general mood (from now on PANAS affect score) 
and current mood (from now on PANAS state score). In addi- 
tion to the assessment of subjects' initial mood, participants were 
asked to fill out the PANAS state questionnaire three more times; 
after the learning phase as well as both before and after the 
test phase (see below for more details). Thus, we could track 
potential changes in participant's current mood throughout the 
experiment. 

We should note that four participants were excluded from 
the analyses due to their extreme negative self-reported current 
mood. The criterion for exclusion was based on the assessment 
of subjects' "initial mood" (measured by PANAS state question- 
naire); those who reached higher than 20.2 Negative Affect Score, 
that is a score greater than the mean + SD of the PANAS state 
score according to the standards of Watson et al. (1988), were left 
out from the analysis. 

The remaining participants (N = 52) were randomly assigned 
to one of four treatment groups (oxytocin — OT, placebo — 
PL, social interaction pretreatment — Soc, no social interaction 
pretreatment — NonSoc, 13 in each) so that these did not dif- 
fer significantly in age [ANOVA, F (3 , 5 i) = 1.220, p = 0.313]. No 
difference was found among the four groups with respect to 
their PANAS affect scores [ANOVA, % 5 i) = 0.663, p = 0.579] 
either. 

All tests were conducted between 2 p.m. and 6 p.m. in order 
to control for oxytocin level variation due to daily cycle (Forsling 
et al, 1998). Participants were instructed to abstain from alco- 
hol and caffeine on the day of the procedure and food and 
drink (except water) 2 h before the test. All subjects provided 
written informed consent before participation. Ethical approval 
was obtained from the National Psychological Research Ethics 
Committee (Ref. No. 2011/13). 

PRETREATMENT 

Half of the participants were told at the beginning of the study 
that they would receive oxytocin treatment (in order to avoid 
limitations arising from participant expectations in double-blind 
placebo-controlled design, cf. Kaptchuk, 2001; Colagiuri, 2010) 
and were then randomly assigned in a single-blind manner to 
receive either 24 international units (IU) of oxytocin, commer- 
cially available Syntocinon-Spray (OT, N = 13) or placebo (PL, 
N = 13), isotonic natriumchlorid 0.9% solution (cf. Savaskan 
et al., 2008) followed by a 40-min waiting period in a quiet 
room isolated from social stimuli, that is necessary for the central 
oxytocin levels to reach a plateau. (There is a tacit assump- 
tion in the literature that intranasal administration of oxytocin 
enables direct access of the peptide to the central nervous sys- 
tem (CNS), thus providing a useful method for studying the 
specific effects of this neuropeptide on the regulation of behav- 
ior. This is based in the work by Born et al. (2002) showing 
that after intranasal administration of melanocortin, vasopressin 
and insulin to human subjects the concentration of these pep- 
tides was elevated in the CNS., More recently Neumann et al. 
(2013) provided more direct evidence for an association between 
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intranasal administration of oxytocin and the increased level of 
this neuropeptide in both the hippocampus and amygdala.) The 
other half of our subjects were randomly assigned to receive 
either social interaction (Soc, N = 13) or no social interac- 
tion (NSoc, N = 13) pretreatment (Figure 1). Subjects merely 
received instructions they had to follow during pretreatment, but 
no other information. The Social interaction consisted of a 6- 
min session alternating phase 1 when the subject was instructed to 
make eye-contact with a female experimenter for 30 s and phase 
2 when the experimenter took the subject's wrist pulse (tactile 
stimuli) for 30 s. Every 30 s a helper invisible to the subject indi- 
cated the end of the phase by knocking. The NSoc pretreatment 
consisted of a 6-min session alternating phase 1 when the sub- 
ject was instructed to focus on the back of the experimenter for 
30 s and phase 2 when the subject was wearing a pulsometer on 
the wrist; the end of each phase was indicated by the knocking 
of the experimenter. In both cases the experimenter noted the 
pulse of the subjects in order to see if any of them showed a stress 
response as a result of the pre-treatment compared to the baseline 
due to the unnaturally prolonged eye-contact and social inter- 
action (c.f. Argyle and Dean, 1965). However, no such response 
could be observed as subjects' pulse remained stable in the 
NSoc group [t(i2) = 0.131, p = 0.898] and even decreased in the 
Soc group [£(12) = 3.107, p = 0.009] that is consistent with the 
cardio-vascular effects of oxytocin (Light et al, 2005; Gutkowska 
and Jankowski, 2008). Soc and NSoc pretreatments were imme- 
diately followed by the learning phase without a waiting 
period. 



A 




FIGURE 1 | Social interaction (A) and No social interaction (B) 
pretreatment setup. 



LEARNING PHASE 

Stimuli used in the experiment were selected from the Radboud 
Faces Database (Langner et al, 2010; www.rafd.nl) that con- 
tained colored photos taken against uniform white background 
of Caucasian (Dutch) adult models wearing black t-shirts, having 
no facial hair and wearing no glasses, makeup or jewelry. 
The database exhibited some "natural," and in the present 
study uncontrolled, variability in facial morphology and skin 
tone within the Caucasian ethnic group as our model faces 
were from both Nordic and Atlanta Mediterranean types. One 
third of the images were female and two third were male 
faces. Only face images taken from a 90° camera angle were 
shown and the models' eyes were always directed straight 
ahead. Each model was presented with one emotional expression 
(happy/neutral/angry/fearful) only. Stimuli were presented from 
a visual angle of 28.07° x 19.85° under a viewing distance of 
40 cm. 

Following pretreatment all four groups of subjects were pre- 
sented with 36 images of human faces; 12-12-12 showing positive 
(happy), neutral or negative (angry/fearful) emotional expression 
for 2 s each, on a computer screen. The order of presentation was a 
fixed pseudorandom sequence where the models of different gen- 
der as well as the different emotional expressions were intermixed 
(see Supplementary material). Participants were asked to rate the 
degree to which each model seemed trustworthy and appeared 
to show positive facial emotion using a 1-9 Likert scale (1 — 
not at all, 9 — definitely); the order of questions was fixed (first: 
trustworthiness: second: emotion). Although it has been argued 
(Todorov, 2008) that trustworthiness judgments are an exten- 
sion of emotional judgments, we decided to include both scales 
as some emotions have been reported to correlate with trust- 
worthiness while others not (Winston et al., 2002). Furthermore, 
there is no direct evidence suggesting that oxytocin affects trust- 
worthiness and emotion ratings in the same way. At the end 
of the learning phase participants filled out the PANAS state 
questionnaire for a second time in order to track mood changes. 

TEST PHASE 

Subjects returned on the following day at around the same time of 
the day (±60 min). Before the test itself all participants were asked 
to fill out the PANAS state questionnaire. Participants were then 
presented with 36 images of human faces with neutral expres- 
sion. Half of the images were faces that had also been shown on 
the previous day, and from these now neutral faces 6-6-6 had 
formerly been positive, neutral and negative respectively. Thus, 
formerly neutral faces were identical to the ones that had been 
shown in the learning phase, while on the pictures of formerly 
positive and negative facial expressions the same persons as in the 
learning phase were presented, with novel (neutral) facial expres- 
sion. Participants, again, had to rate all faces on a nine point 
Likert scale; both the extent to which the given face expressed 
positive emotion and the trustworthiness of faces (1 — not at all, 
9 — definitely). Furthermore, they were asked if they had seen 
the same person on the previous day (Yes/No). After the test 
participants filled in the PANAS state questionnaire once more. 
Afterwards participants in the OT/PL group were given the infor- 
mation that the study was placebo controlled and were asked to 
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make a guess about treatment received. No difference could be 
observed between groups in their guesses [x 2 -test, x?n = 0.024, 
p = 0.875]. At the end of the session the experimenter asked the 
participants in the OT/PL group about any side effects they may 
have noticed; but no side effects were reported in any of the two 
groups. 

DATA ANALYSIS 

In order to compare the PANAS affect scores between the four 
pretreatment groups we used an analysis of variance (AN OVA). 
PANAS state scores were analyzed using generalized estimating 
equations (GEE) method to assess the effects of different fac- 
tors: pretreatment (OT, PL, Soc, NSoc), phase (before or after 
image presentation) and test occasion (1st or 2nd day). Pearson 
correlations were used to check the relatedness of the Emotion 
and Trustworthiness rating scales both at the group and at the 
individual level. Individual correlation coefficients were com- 
pared to chance level (one-sample f-test) and across pretreat- 
ment groups (AN OVA). We also used GEE models to identify 
potential factors (pretreatment, test occasion and type of facial 
expression), with significant effects on the Trustworthiness and 
Emotion ratings. Follow up tests were run to directly compare 
Trustworthiness and Emotion ratings between OT vs. PL and 
Soc vs. NSoc groups (independent f-tests) for the three stim- 
uli types separately. Additionally and item analysis was carried 
out comparing OT vs. PL and Soc vs. NSoc groups by averag- 
ing subjects' answers for each image separately (paired samples 
f-tests). Recognition memory (the percentage of correct judg- 
ments of whether a face had been seen or not on the previous 
day) was compared between OT vs. PL and Soc vs. NSoc groups 
(independent f-tests) both on the whole dataset and for different 
stimuli types separately. In the test phase the four pretreat- 
ment groups were also compared with respect to Trustworthiness 
and Emotion ratings of formerly negative, neutral and positive 
stimuli (independent t-tests). A within-subject analysis com- 
paring Trustworthiness and Emotion ratings of novel faces and 
faces previously shown with negative, neutral and positive emo- 
tions was also run (ANOVA) for the four pretreatment groups 
separately. 

RESULTS 

EVALUATION OF POSITIVE AND NEGATIVE AFFECT 

PANAS state scores were not affected by pretreatment, and the 
scores obtained before and after the learning/test phases did 
not differ significantly (GEE, all p > 0.1). However, subjects 
on the second day reported a more negative mood [X/,) = 
5.963, p = 0.015]. No interaction was found among the factors 
(allp > 0.1). 

OVERALL ANALYSIS OF TRUSTWORTHINESS AND EMOTION RATINGS 
GIVEN BY PARTICIPANTS 

A Pearson correlation (taking the average scores from all par- 
ticipants of the respective rating for each image) showed that 
Trustworthiness and Emotion ratings were highly correlated in all 
four groups (OT: r = 0.693, p < 0.001; PL: r = 0.840, p < 0.001; 
Soc: r = 0.933, p < 0.001; NSoc: r = 0.898, p < 0.001). This 
high correlatedness held for the happy (r = 0.646, p = 0.023), 



neutral (r = 0.912, p < 0.001) and angry (r = 0.922, p = 0.009), 
but not for fearful faces (r = —0.526, p = 0.284). However, indi- 
vidual correlation coefficients (based on Trustworthiness and 
Emotion ratings of all images) varied greatly, and were not signif- 
icant for all subjects (Figure 2) suggesting that subjects' strategies 
might differ in assessing these two ratings. At the group level 
the correlation coefficients were higher than zero [t($i) = 20.086, 
p < 0.001] and the four groups did not differ with regard to 
the correlatedness of the Trustworthiness and Emotion ratings, 
although there was a trend for lower correlatedness in the OT and 
Soc groups as compared to the PL and NSoc groups respectively 
[F(3, 48) = 2.489, p = 0.072]. 

A GEE Model revealed that trustworthiness ratings were 
influenced by stimulus type [negative/neutral/positive; Xp) = 
103.773, p < 0.001], but the main effects of pretreatment 
(OT/PL/Soc/NSoc) and test occasion (learning,) were statistically 
not significant (allp > 0.1). 

A significant interaction was found between stimulus type x 
test occasion [yL%) = 101-528, p < 0.001]. The interaction 
between stimulus type, x pretreatment x test occasion was also 
significant [X( 6 ) = 54.864, p < 0.001]. This suggests that faces 
with negative emotional expression (but not the others) were 
rated more positively by subjects in the OT and Soc pretreatment 
groups than in the PL and NSoc groups in the learning phase, but 
not in the test phase (Figure 3A). 

A GEE Model revealed that emotion ratings were influenced 
by stimulus type [negative/neutral/positive; x™ = 289.971, p < 
0.001] and test occasion [learning/test phases; x?y = 31.254,p < 
0.001] but the main effect of pretreatment [OT/PL/Soc/NSoc; 
X^ = 5.464, p = 0.141] was not significant. 

However, the interaction between stimulus type and pretreat- 
ment was significant [ytf 6 \ = 15.118, p = 0.019). In addition, 
there was a significant stimulus type x test occasion interaction 
[x;L = 403.546, p < 0.001]. More importantly, the interaction 
between stimulus type x pretreatment x test occasion was also 
significant IXm = 26.613, p < 0.001]. Thus, it seems that faces 
with negative emotional expression (but not the others) were 
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FIGURE 2 | Correlatedness of Trustworthiness and Emotion ratings in 
the four groups. Mean ± SE; gray dots show individual data; red line 
indicates significance level. 



Frontiers in Psychology | Cognition 



August 2013 | Volume 4 | Article 532 | 4 



Kis et al. 



Social stimuli parallel oxytocin effects 



rated more positively by subjects in the OT and Soc groups than 
in the PL and NSoc groups in the learning phase, but not in the 
test phase (Figure 3B). 

DIFFERENCES IN TRUSTWORTHINESS AND EMOTION RATINGS 
BETWEEN OT vs. PL AND SOC vs. NSOC GROUPS 
Learning phase 

Subjects in the OT group rated negative emotional faces more 
positively than subjects in the PL group both with respect to 
trustworthiness [two-sample f-test, f(24) = 2.279, p = 0.032] and 
perceived emotion [t(u) = 2.768, p = 0.011]. However, no such 
differences were found in case of faces with neutral and positive 
emotional expression (p > 0.1 in all cases, for both trustwor- 
thiness and emotion). An item analysis yielded similar results: 
Trustworthiness: OT > PL [t( 35 ) = 4.362, p < 0.001]; Emotion: 
OT > PL [f( 35 ) = 2.246, p = 0.031]. 

Subjects in the Soc group also rated negative emotional faces 
more positively than subjects in the NSoc group both with respect 
to trustworthiness [t(2i) = 2.474, p = 0.021] and perceived emo- 
tion [f(24) = 4.390, p < 0.001]. No such difference was found 
in case of faces with neutral and positive emotional expression 
(p > 0.1 in all cases, for both trustworthiness and emotion). An 
item analysis yielded similar results: Trustworthiness: Soc > NSoc 



[t (35) = 1.886, p = 0.068]; Emotion: Soc > NSoc [r (35 ) = 2.953, 
p = 0.006]. 

Test phase 

No differences were found in the percent of correct judgments 
about whether a face had been seen or not on the previous day 
neither between OT and PL nor between Soc and NSoc (two- 
sample f-test, p > 0.1 in all cases). This is also true for the 
analysis of faces previously seen with negative, neutral and pos- 
itive facial expressions separately (p > 0. 1 in all cases). Moreover, 
treatment groups (OT vs. PL and Soc vs. NSoc) did not differ in 
their trustworthiness and emotion ratings either (p > 0.1 in all 
cases). (Note that each face in the test phase displayed a neutral 
expression.) 

Interestingly, however, when studying how the participants in 
the different treatment groups rated novel faces and those that 
had previously been shown with positive/negative/neutral emo- 
tional expressions, we found differential effects of pretreatments. 
Namely, subjects in the OT group gave lower trustworthiness 
scores for neutral faces previously seen with negative expressions, 
than for previously neutral and positive faces [repeated measures 
ANOVA, _F (3i 36) = 5.025, p = 0.005; LSD post-hoc tests: negative 
vs. neutral: p = 0.031, negative vs. positive: p = 0.014, negative 
vs. novel: p = 0.197, neutral vs. positive: p = 0.187, neutral vs. 
novel: p = 0.183, positive vs. novel: p = 0.160]. No such differ- 
ence could be observed in the PL group between faces previously 
seen with negative/neutral/positive facial expression and novel 
faces [F (3i 36) = 1.120, p = 0.354] (Figure 4A). 

Similarly, participants in the Soc group gave lower trustwor- 
thiness scores for previously negative faces, than for previously 
neutral/positive and novel faces [repeated measures ANOVA, 
_F( 3 36) = 5.036, p = 0.013; LSD post-hoc tests: negative vs. neu- 
tral: p = 0.017, negative vs. positive: p = 0.023, negative vs. 
novel: p = 0.019, neutral vs. positive: p = 0.796, neutral vs. novel: 
p = 0.588, positive vs. novel: p = 622]. In the NSoc group, 
however, participants' trustworthiness ratings were not affected 
by the previously seen emotions [F(3, 36) = 2.843, p = 0.100] 
(Figure 4B). 

Subjects' emotion ratings, unlike trustworthiness ratings, were 
not affected by previous facial expressions in the OT, Soc and 
NSoc groups (p > 0.05 in all cases). Participants in the PL group, 
however, rated previously negative emotional faces more nega- 
tively than previously neutral and novel faces [Fp, 36) = 5.596, 
p = 0.003; LSD post-hoc tests: negative vs. neutral: p = 0.004, 
negative vs. positive: p = 0.113, negative vs. novel: p = 0.010, 
neutral vs. positive: 0.066, neutral vs. novel: p = 0.231, positive 
vs. novel: 0.416]. 

DISCUSSION 

Our study provides the first experimental evidence that exoge- 
nously administered oxytocin and preexposure to social stimuli 
have similar effects on the perception of negative but not positive 
and neutral facial emotions in adult human male subjects. That 
is, after having received intranasal administration of oxytocin or 
social stimulation (via eye contact and touching the skin) partici- 
pants rated negative emotional faces more positively than subjects 
in the control groups. These results provide empirical evidence 
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faces in the learning and the test phases. 



www.frontiersin.org 



August 2013 | Volume 4 | Article 532 | 5 



Kis et al. 



Social stimuli parallel oxytocin effects 




NonSocial 



Social 



FIGURE 4 | Trustworthiness scores (mean ± SE) for faces that had 
previously been shown with positive/negative/neutral emotional 
expressions in the PL/OT (A) and NSoc/Soc (B) groups. ' p < 0.05. 



to support the widely held but unjustified notion that pretreat- 
ment with oxytocin and social interaction have similar behavioral 
effects on adult male humans. We should note, however, that 
although this finding raises the possibility that the effects of 
both types of pretreatment may be mediated by increases in 
central oxytocin, we have no evidence to suggest the very same 
underlying neuro-physiological mechanism. 

Although in the current study we used an all-male sample with 
a fixed-order stimuli presentation (making it possible that the 
results are subject to order effects), our findings seem to con- 
firm previous reports suggesting that intranasal administration 
of oxytocin may have a modulating effect on face perception in 
humans (e.g., Guastella et al, 2009); furthermore as all groups 
viewed the same set of stimuli, even if order had an effect of 
subjects' ratings, it should have affected all groups in the same 
way, thus the differences we found can only be attributed to the 
pretreatments used. A further limitation of our study is that we 
used an isotonic natriumchlorid 0.9% solution as placebo, but 
as it has been used previously in similar studies (cf. Savaskan 
et al, 2008) and participants were unable to find out whether they 
received oxytocin or placebo, we do not think that this could have 
biased our results. Moreover, assuming that human social inter- 
actions have the potential to facilitate the release of oxytocin in 
the brain (Gordon et al., 2010) through a positive feedback loop 
(Zak et al, 2005), our results are in line with previous findings 
that have demonstrated correlations between social stimulation 
and those behavior changes [generosity (Morhenn et al, 2008) 



or monetary sacrifice (Morhenn et al., 2008) in the trust game] 
that are supposedly associated with an increase in endogenous 
oxytocin levels. 

In line with previous arguments (e.g., Todorov, 2008) we 
found that subjects' rating on the Trustworthiness and Emotions 
scales were highly correlated, and although high inter-individual 
variation could be observed OT or Soc pretreatment had no effect 
on this relatedness. One factor that might have contributed to 
this relatedness is that subjects had to provide the two rating 
at the same time, thus their judgments were most probably not 
independent from each other. 

Importantly, our results show a selective effect of both OT 
and Soc pretreatment on the perception of different facial emo- 
tions (during the learning phase). This is consistent with the 
notion that oxytocin modulates neural circuitry for social cogni- 
tion through decreasing the activation of the amygdala (Domes 
et al., 2007a). This brain region, responsible for the regula- 
tion of negative emotions and fear responses (Phan et al, 2002; 
Glascher et al., 2004), is rich in oxytocin receptors (Huber et al., 
2005), and this finding likely explains why oxytocin and social 
pre-treatments only had an effect on the perception of negative 
emotional faces. Further studies should reveal how the oxytocin 
system interacts with other factors (e.g., facial morphology — 
Oosterhof and Todorov, 2008; other race effect — O'Toole et al., 
1994; Sheng et al., 2012) that influence subjects' judgments about 
faces. 

In addition to short-term effects within the time window of 
the presumed uptake of exogenous oxytocin (face perception), 
long-term effects (face recognition memory) after elimination of 
intranasal oxytocin from CNS have also been reported in the lit- 
erature. However, in contrast to previous results showing that 
oxytocin enhances the recognition of faces (Guastella et al., 2008b; 
Savaskan et al., 2008; Rimmele et al, 2009), in our study we could 
not find any differences between OT and PL as well as between 
Soc and NSoc groups in terms of face-recognition. This might be 
attributed to methodological differences compared to previous 
experiments. Namely, in the (Savaskan et al., 2008) study sub- 
jects received oxytocin administration after (and not before) the 
"acquisition" phase; (Guastella et al., 2008b; Rimmele et al, 2009) 
used a remember/know paradigm (while our subjects only gave 
yes/no answers). Furthermore, Rimmerle used a surprise mem- 
ory test (as opposed to our setup where subjects were told after 
the learning phase that they would participate in a recognition 
task on the next day). 

Another possible explanation is that in the present study 
the recognition-improving effect of oxytocin was masked by an 
internal context change (difference in the level of oxytocin dur- 
ing the learning and the recalling phase) that has been shown 
to decrease memory performance (Smith and Glenberg, 1978). 
In experiments testing memory performance internal context 
change is usually defined as a mood change (Davies, 1986). In our 
experiment oxytocin administration and social stimulation did 
not affect subjects' mood (as measured by the Positive Negative 
Affectivity Scale before and after treatments), however, subjects 
on the second day reported a more negative mood compared 
to the first day, suggesting changes in internal context. This was 
probably so because of "test anxiety" (Spielberger, 1972): in the 
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test phase participants might have recognized the recall task as 
a cognitively demanding situation which could lead to increased 
anticipatory and/or situational anxiety and thus might increase 
participants' negative moods. Internal context changes have been 
found to influence recall tests but had little or no impact on recog- 
nition tests (Davies, 1986), the task that was used in the present 
study. 

Although participants receiving OT vs. PL or Soc vs. NSoc 
pretreatments did not show different face recognition perfor- 
mance in the test phase (24 h after treatment), we could find 
some evidence for the long-term effects of both exogenous oxy- 
tocin administration and social stimulation on subjects' social 
memory. Subjects in the OT and Soc groups (unlike in control 
groups) gave lower trustworthiness scores for those neutral faces 
that had previously been seen with negative facial expressions, 
than for faces previously seen as emotionally neutral or positive. 
These results clearly show a somewhat controversial (note that 
subjects in OT and Soc group had rated negative emotional faces 
more positively during the learning phase), yet enduring effect of 
intranasal oxytocin on social memory (see also Guastella et al., 
2008b) and a similar memory-improving effect of social stim- 
ulation. Similar results were obtained by Striepens et al. (2012) 
who found a biased memory toward negative rather than neutral 
items (from the International Affective Picture System) after oxy- 
tocin administration. The authors explain these findings by the 
fact that according to their fMRI data besides the inhibition of the 
amygdala, the facilitation of the left insula and an increased func- 
tional coupling between the left amygdala, left anterior insula, and 
left inferior frontal gyrus also occurred. These and our results 
are also in line with other recent research suggesting that oxy- 
tocin is not a magical "trust elixir" (Mikolajczak et al, 2010), 
and that despite increasing prosocial behaviors, it does not make 



people blind to negative social stimuli, but on the contrary in 
some cases it even increases the salience of negative social stimuli 
(Theodoridou et al, 2013). 

Several human psychiatric disorders are characterized by social 
cognition deficits, including face perception problems, such as 
autism (Baron-Cohen et al, 2001), schizophrenia (Loughland 
et al, 2002) or fragile X syndrome (Garrett et al., 2004). Oxytocin 
has been suggested to be an effective treatment for such social 
disorders (Heinrichs and Gaab, 2007; Hollander et al., 2007); 
but see Bartz et al. (2011) for contradictory findings. Our results 
demonstrating a similar effect of exogeneous oxytocin and social 
stimulation widen the perspectives of these interventions suggest- 
ing that behavioral therapy involving positive social stimuli might 
be a comparably successful methodological approach. Needless 
to say, much more research is necessary to determine the extent 
to which the effect of social stimulation is equivalent to that of 
oxytocin administration. 

In summary, our findings provide new and important insights 
into how an evolutionarily conservative nanopeptide, the oxy- 
tocin, and certain social interactions can affect highly adaptive 
human behaviors such as face perception and social memory 
formation. 

ACKNOWLEDGMENTS 

The authors would like to thank Mihaly Racsmany for his insight- 
ful comments. The research was supported by the Hungarian 
Scientific Research Fund (OTKA K100695). 

SUPPLEMENTARY MATERIAL 

The Supplementary Material for this article can be found online 
at: http://www.frontiersin.org/Cognition/10.3389/fpsyg.2013.005 
32/abstract 



REFERENCES 

Andari, E., Duhamel, J.-R., Zalla, 
T., Herbrecht, E., Leboyer, M., 
and Sirigu, A. (2010). Promoting 
social behavior with oxytocin in 
high-functioning autism spec- 
trum disorders. Proc. Natl. Acad. 
Sci. U.S.A. 107, 4389^394. doi: 
10.1073/pnas.0910249107 

Argyle, M., and Dean, J. (1965). 
Eye-contact, distance and affilia- 
tion. Sociometry 28, 289-304. doi: 
10.2307/2786027 

Bales, K. L., and Carter, C. S. 
(2003). Developmental expo- 
sure to oxytocin facilitates partner 
preferences in male prairie voles 
(Microtus ochrogaster). Behav. 
Neurosci. 117, 854-859. doi: 
10.1037/0735-7044.117.4.854 

Baron-Cohen, S., Wheelwright, S., 
Hill, J., Raste, Y., and Plumb, I. 
(2001). The "Reading the Mind 
in the Eyes" test revised version: 
a study with normal adults, and 
adults with Asperger syndrome or 
high-functioning autism. /. Child 



Psychol. Psychiatry 42, 241-251. doi: 
10.1111/1469-7610.00715 

Barraza, J. A., McCullough, M. 
E., Ahmadi, S., and Zak, P. 
J. (2011). Oxytocin infusion 
increases charitable donations 
regardless of monetary resources. 
Horm. Behav. 60, 148-151. doi: 
10.1016/j.yhbeh.2011.04.008 

Bartz, J. A., Zaki, J., Bolger, N., and 
Ochsner, K. N. (2011). Social effects 
of oxytocin in humans: context and 
person matter. Trends Cogn. Sci. 15, 
301-309. 

Baumgartner, T., Heinrichs, M., 
Vonlanthen, A., Fischbacher, U., 
and Fehr, E. (2008). Oxytocin 
shapes the neural circuitry of 
trust and trust adaptation in 
humans. Neuron 58, 639-650. doi: 
10.1016/j.neuron.2008.04.009 

Born, J., Lange, T., Kern, W., McGregor, 
G. P., Bickel, U, and Fehm, H. 
L. (2002). Sniffing neuropeptides: a 
transnasal approach to the human 
brain. Nat. Neurosci. 5, 514-516. 
doi: 10.1038/nn0602-849 



Churchland, P. S., and Winkielman, 
P. (2011). Modulating social 
behavior with oxytocin: how does 
it work? What does it mean? 
Horm. Behav. 61, 392-399. doi: 
10.1016/j.yhbeh.201 1.12.003 

Colagiuri, B. (2010). Participant 
expectancies in double-blind 
randomized placebo -controlled 
trials: potential limitations to trial 
validity. Clin. Trials 7, 246-255. doi: 
10.1177/1740774510367916 

Davies, G. (1986). Context effects in 
episodic memory: a review. Cah. 
Psychol. 6,157-174. 

Domes, G., Heinrichs, M., Glascher, 
J., Biichel, C, Braus, D. E, and 
Herpertz, S. C. (2007a). Oxytocin 
attenuates amygdala responses 
to emotional faces regardless 
of valence. Biol. Psychiatry 62, 
1187-1190. doi: 10.1016/j.biopsych. 
2007.03.025 

Domes, G., Heinrichs, M., Michel, 
A., Berger, C, and Herpertz, 
S. C. (2007b). Oxytocin 
improves "mind-reading" in 



humans. Biol. Psychiatry 61, 
731-733. doi: 10.1016/j.biopsych. 
2006.07.015 

Farah, M. J. (1996). Is face recog- 
nition "special"? Evidence from 
neuropsychology. Behav. Brain Res. 
76, 181-189. doi: 10.1016/0166- 
4328(95)00198-0 

Feldman, R., Gordon, I., and 
Zagoory-Sharon, O. (2010). 
The cross-generation transmis- 
sion of oxytocin in humans. 
Horm. Behav. 58, 669-676. doi: 
10.1016/j.yhbeh.2010.06.005 

Forsling, M. L., Montgomery, H., 
Halpin, D., Windle, R. J., and 
Treacher, D. F. (1998). Daily 
patterns of secretion of neurohy- 
pophysial hormones in man: effect 
of age. Exp. Physiol. 83, 409-418. 

Freund-Mercier, M., and Stoeckel, M. 
(1995). Somatodendritic autorecep- 
tors on oxytocin neurones. Adv. Exp. 
Med. Biol. 395, 185-194. 

Garrett, A. S., Menon, V., Mackenzie, 
K., and Reiss, A. L. (2004). Here's 
looking at you, kid: neural systems 



www.frontiersin.org 



August 2013 | Volume 4 | Article 532 | 7 



Kis et al. 



Social stimuli parallel oxytocin effects 



underlying face and gaze process- 
ing in fragile X syndrome. Arch. 
Gen. Psychiatry 61, 281-288. doi: 
10.1001/archpsyc.61. 3.281 

Glascher, J., Tuscher, O., Weiller, C, 
and Biichel, C. (2004). Elevated 
responses to constant facial emo- 
tions in different faces in the 
human amygdala: an fMRI study of 
facial identity and expression. BMC 
Neurosci. 5:45. doi: 10.1186/1471- 
2202-5-45 

Gordon, I., Zagoory- Sharon, O., 
Leckman, J. R, and Feldman, 
R. (2010). Oxytocin, Cortisol, 
and triadic family interactions. 
Physiol. Behav. 101, 679-684. doi: 
10.1016/j.physbeh.2010.08.008 

Guastella, A. J., Carson, D. S., Dadds, 
M. R., Mitchell, P. B., and Cox, R. E. 
(2009). Does oxytocin influence the 
early detection of angry and happy 
faces. Psychoneuroendocrinology 
34, 220-225. doi: 

10.1016/j.psyneuen.2008.09.001 

Guastella, A. J., Mitchell, P. B., 
and Dadds, M. R. (2008a). 
Oxytocin increases gaze to the 
eye region of human faces. 
Biol. Psychiatry 63, 3-5. doi: 
10.1016/j.biopsych.2007.06.026 

Guastella, A. J., Mitchell, P. B., and 
Mathews, F. (2008b). Oxytocin 
enhances the encoding of posi- 
tive social memories in humans. 
Biol Psychiatry 64, 256-258. doi: 
10.1016/j.biopsych.2008.02.008 

Gutkowska, J., and Jankowski, M. 
(2008). Oxytocin revisited: it is also 
a cardiovascular hormone. /. Am. 
Soc. Hypertens. 2, 318-325. doi: 
10.1016/j.jash.2008.04.004 

Haxby, J. V., Hoffman, E. A., and 
Gobbini, M. I. (2002). Human 
neural systems for face recogni- 
tion and social communication. 
Biol. Psychiatry 51, 59-67. doi: 
10.1016/S0006-3223(01)01330-0 

Heinrichs, M., and Gaab, J. (2007). 
Neuroendocrine mechanisms of 
stress and social interaction: impli- 
cations for mental disorders. Curr. 
Opin. Psychiatry 20, 158-162. doi: 
10.1097/YCO.0b013e3280146al3 

Hollander, E., Bartz, J., Chaplin, W, 
Phillips, A., Sumner, J., Soorya, L., 
et al. (2007). Oxytocin increases 
retention of social cognition in 
autism. Biol. Psychiatry 61, 498-503. 
doi: 10.1016/j.biopsych.2006.05.030 

Huber, D., Veinante, P., and Stoop, 
R. (2005). Vasopressin and oxy- 
tocin excite distinct neuronal 
populations in the central amyg- 
dala. Science 308, 245-248. doi: 
10.1126/science.ll05636 

Insel, T. R., and Shapiro, L. E. (1992). 
Oxytocin receptor distribu- 
tion reflects social organization 



in monogamous and polyga- 
mous voles. Proc. Natl Acad. 
Sci. U.S.A. 89, 5981-5985. doi: 
10.1073/pnas.89.13.5981 

Jung, K., Ruthruff, E., Tybur, J. M., 
Gaspelin, N., and Miller, G. (2012). 
Perception of facial attractiveness 
requires some attentional resources: 
implications for the "automatic- 
ity" of psychological adaptations. 
Evol Hum. Behav. 33, 241-250. 
doi: 10.1016/j.evolhumbehav. 
2011.10.001 

Kaptchuk, T. J. (2001). The 
double-blind, randomized, 
placebo -controlled trial: gold 
standard or golden calf. /. Clin. 
Epidemiol. 54, 541-549. doi: 
10.1016/S0895-4356(00)00347-4 

Kenkel, W. M., Paredes, J., Yee, 
J. R., Pournajafi-Nazarloo, H., 
Bales, K. L., and Carter, C. S. 
(2012). Neuroendocrine and 
behavioural responses to expo- 
sure to an infant in male prairie 
voles. /. Neuroendocrinal. 24, 
874-886. doi: 10. 1 1 1 1365- 
2826.2012.02301.x 

Kirsch, P., Esslinger, C, Chen, Q., 
Mier, D., Lis, S., Siddhanti, S., 
et al. (2005). Oxytocin modu- 
lates neural circuitry for social 
cognition and fear in humans. 
/. Neurosci. 25, 11489-11493. doi: 
10.1523/JNEUROSCI.3984-05.2005 

Kosfeld, M., Heinrichs, M., Zak, P. 
J., Fischbacher, U., and Fehr, E. 
(2005). Oxytocin increases trust in 
humans. Nature 435, 673-676. doi: 
10.1038/nature03701 

Kovacs-Balint, Z., Bereczkei, T., and 
Hernadi, I. (in press). The telltale 
face: possible mechanisms behind 
defector and cooperator recognition 
revealed by emotional facial expres- 
sion metrics. Br. J. Psychol, doi: 
10.1111/bjop.l2007 

Langner, O., Dotsch, R., Bijlstra, 
G., Wigboldus, D. H. J., Hawk, 
S. T, and van Knippenberg, A. 
(2010). Presentation and validation 
of the Radboud Faces Database. 
Cogn. Emot. 24, 1377-1388. doi: 
10.1080/02699930903485076 

Lee, H.-J., Macbeth, A. H., Pagani, 
J. H., and Young, W. S. (2009). 
Oxytocin: the great facilita- 
tor of life. Prog. Neuwbiol. 88, 
127-151. 

Light, K. C, Grewen, K. M., and 
Amico, J. A. (2005). More frequent 
partner hugs and higher oxytocin 
levels are linked to lower blood 
pressure and heart rate in pre- 
menopausal women. Biol. Psychol. 
69, 5-21. doi: 10.1016/j.biopsycho. 
2004.11.002 

Little, A. C, Burriss, R. P., Jones, B. C, 
and Roberts, S. C. (2007). Facial 



appearance affects voting deci- 
sions. Evol. Hum. Behav. 28, 18-27. 
doi: 10.1016/j.evolhumbehav.2006. 
09.002 

Loughland, C. M., Williams, L. M., and 
Gordon, E. (2002). Schizophrenia 
and affective disorder show different 
visual scanning behavior for faces: a 
trait versus state-based distinction. 
Biol. Psychiatry 52, 338-348. doi: 
10.1016/S0006-3223(02)01356-2 

Mikolajczak, M., Gross, J. J., Lane, 
A., Corneille, O., De Timary, P., 
and Luminet, O. (2010). Oxytocin 
makes people trusting, not gullible. 
Psychol Sci. 21, 1072-1074. doi: 
10.1177/0956797610377343 

Morhenn, V. B., Park, J. W., Piper, 
E., and Zak, P. (2008). Monetary 
sacrifice among strangers is medi- 
ated by endogenous oxytocin release 
after physical contact. Evol. Hum. 
Behav. 29, 375-383. doi: 10.1016/j. 
evolhumbehav.2008.04.004 

Neumann, I. D., Maloumby, R., 
Beiderbeck, D. I., Lukas, M., 
and Landgraf, R. (2013). 
Increased brain and plasma 
oxytocin after nasal and periph- 
eral administration in rats and 
mice . Psychon eu roendo cri n o logy. 
doi: 10.1016/j.psyneuen.2013. 
03.003. [Epub ahead of print]. 

Olazabal, D. E., and Young, L. J. 
(2006). Oxytocin receptors in 
the nucleus accumbens facilitate 
"spontaneous" maternal behaviour 
in adult female prairie voles. 
Neuroscience 141, 559-568. doi: 
10.1016/j.neuroscience.2006.04.017 

Oosterhof, N. N., and Todorov, A. 
(2008). The functional basis of 
face evaluation. Proc. Natl. Acad. 
Sci. U.S.A. 105, 11087-11092. doi: 
10.1073/pnas.0805664105 

O'Toole, A. J., Deffenbacher, K. A., 
Valentin, D., and Abdi, H. (1994). 
Structural aspects of face recog- 
nition and the other-race effect. 
Mem. Cogn. 22, 208-224. doi: 
10.3758/BF03208892 

Phan, K. L., Wager, T, Taylor, S. E, 
and Liberzon, I. (2002). Functional 
neuroanatomy of emotion: a 
meta-analysis of emotion acti- 
vation studies in PET and fMRI. 
Neuroimage 16, 331-348. doi: 
10.1006/nimg.2002.1087 

Richerson, P. J., and Boyd, R. 
(1998). "The evolution of 
human ultra- sociality," in 
Indoctrinability, Warfare and 
Ideology: Evolutionary Perspectives, 
eds I. E. Eibesfeldt and F. K. Salter 
(New York, NY: Bergham Books), 
1-24. 

Rimmele, U., Hediger, K., Heinrichs, 
M., and Klaver, P. (2009). Oxytocin 
makes a face in memory familiar. 



/. Neurosci. 29, 38-42. doi: 
10.1523/JNEUROSCI.4260-08.2009 

Savaskan, E., Ehrhardt, R., Schulz, A., 
Walter, M., and Schweninger, H. 
(2008). Post-learning intranasal 
oxytocin modulates human 
memory for facial identity. 
Psychoneuroendocrinology 33, 
368-374. doi: 10.1016/j.psyneuen. 
2007.12.004 

Scheele, D., Striepens, N., Giinturkiin, 
O., Deutschlander, S., Maier, W., 
Kendrick, K. M., et al. (2012). 
Oxytocin modulates social dis- 
tance between males and females. 
/. Neurosci. 32, 16074-16079. 
doi: 10.1523/JNEUROSCI.2755-12. 
2012 

Sheng, E, Liu, Y., Zhou, B., Zhou, 
W, and Han, S. (2012). Oxytocin 
modulates the racial bias in neu- 
ral responses to others' suffering. 
Biol. Psychol 92, 380-386. doi: 
10.1016/j.biopsycho.2012. 11.018 

Skuse, D. H., and Gallagher, L. (2009). 
Dopaminergic-neuropeptide int- 
eractions in the social brain. 
Trends Cogn. Sci. 13, 27-35. doi: 
10.1016/j.tics.2008.09.007 

Smith, S. M., and Glenberg, A. (1978). 
Environmental context and human 
memory. Mem. Cogn. 6, 342-353. 
doi: 10.3758/BF03 197465 

Spielberger, C. D. (1972). Anxiety: cur- 
rent trends in theory and research, 
Vol. 1. New York, NY: Academic 
Press. 

Steiner, A. (2008). Effects of Oxytocin on 
Emotion Recognition and Eye Gaze. 
Gottingen: Cuvillier Verlag. 

Striepens, N., Scheele, D., Kendrick, K. 
M., Becker, B., Schafer, L., Schwalba, 
K., et al. (2012). Oxytocin facilitates 
protective responses to aversive 
social stimuli in males. Proc. Natl. 
Acad. Sci. U.S.A. 109, 18144-18149. 
doi: 10.1073/pnas.l208852109 

Theodoridou, A., Penton-Voak, I. 
S., and Rowe, A. C. (2013). A 
direct examination of the effect 
of intranasal administration of 
oxytocin on approach- avoidance 
motor responses to emotional 
stimuli. PLoS ONE 8:e58113. doi: 
10.1371/journal.pone.0058113 

Theodoridou, A., Rowe, A. C, Penton- 
Voak, I. S., and Rogers, P. J. (2009). 
Oxytocin and social perception: 
oxytocin increases perceived facial 
trustworthiness and attractiveness. 
Horm. Behav. 56, 128-132. doi: 
10.1016/j.yhbeh.2009.03.019 

Todorov, A. (2008). Evaluating 
faces on trustworthiness: an 
extension of systems for recog- 
nition of emotions signaling 
approach/avoidance behaviors. 
Ann. NY. Acad. Sci. 1124, 208-224. 
doi: 10.1196/annals.l440.012 



Frontiers in Psychology | Cognition 



August 2013 | Volume 4 | Article 532 | 8 



Kis et al. 



Social stimuli parallel oxytocin effects 



Uvnas-Moberg, K. (1998). Oxytocin 
may mediate the benefits of positive 
social interaction and emotions. 
Psychoneuroendocrinology 23, 
819-835. doi: 10.1016/S0306- 
4530(98)00056-0 

Verosky, S. C, and Todorov, A. (2010). 
Differential neural responses 
to faces physically similar to 
the self as a function of their 
valence. Neuroimage 49, 1690-1698. 
doi: 10.1016/j.neuroimage.2009. 
10.017 

Watson, D., Clark, L. A., and Tellegen, 
A. (1988). Development and 
validation of brief measures 
of positive and negative affect: 
the PANAS scales. /. Pers. 
Soc.Psychol. 54, 1063-1070. doi: 
10.1037/0022-3514.54.6.1063 



Winston, J. S., Strange, B. A., 
O'Doherty, J., and Dolan, R. J. 
(2002). Automatic and intentional 
brain responses during evalua- 
tion of trustworthiness of faces. 
Nat. Neurosci. 5, 277-283. doi: 
10.1038/nn816 

Yamasue, H., Yee, J. R., Hurlemann, 
R., Rilling, J. K., Chen, F. S., 
Meyer- Lindenberg, A., et al. 
(2012). Integrative approaches 
utilizing oxytocin to enhance 
prosocial behavior: from ani- 
mal and human social behavior 
to autistic social dysfunction. 
/. Neurosci. 32, 14109-14117. doi: 
10.1523/JNEUROSCI.3327-12.2012 

Zak, R J., Kurzban, R., and Matzner, 
W. T. (2005). Oxytocin is associ- 
ated with human trustworthiness. 



Horm. Behav. 48, 522-527. doi: 
10.1016/j.yhbeh.2005.07.009 
Zak, P. J., Stanton, A. A., and Ahmadi, S. 
(2007). Oxytocin increases generos- 
ity in humans. PLoS ONE 2:ell28. 
doi: 10.1371/journal.pone.0001128 

Conflict of Interest Statement: The 

authors declare that the research 
was conducted in the absence of any 
commercial or financial relationships 
that could be construed as a potential 
conflict of interest. 

Received: 15 April 2013; paper pending 
published: 14 May 2013; accepted: 29 
July 2013; published online: 14 August 
2013. 

Citation: Kis A, Kemerle K, Hernddi 
A and Topdl J (2013) Oxytocin and 



social pretreatment have similar effects 
on processing of negative emotional faces 
in healthy adult males. Front. Psychol. 
4:532. doi: 10. 3389/fpsyg.20 13.00532 
This article was submitted to Frontiers 
in Cognition, a specialty of Frontiers in 
Psychology. 

Copyright © 2013 Kis, Kemerle, 
Hernddi and Topdl. This is an open- 
access article distributed under the terms 
of the Creative Commons Attribution 
License (CC BY). The use, distribution 
or reproduction in other forums is per- 
mitted, provided the original author(s) 
or licensor are credited and that the 
original publication in this journal 
is cited, in accordance with accepted 
academic practice. No use, distribution 
or reproduction is permitted which does 
not comply with these terms. 



www.frontiersin.org 



August 2013 | Volume 4 | Article 532 | 9 



